Objective: To compare hypothetical costs for identification of acoustic tumors when using magnetic resonance imaging with gadolinium Gd 64 Gd) as a sole diagnostic test and when using auditory brainstem response (ABR) testing followed by Gd (ABR+MRI-64 Gd) for those with positive ABR findings.
were in the low-risk category (1% probability). Auditory brainstem response testing correctly identified 100% of the large tumors (Ͼ2.0 cm), 93% of the medium-sized tumors (1.1-2.0 cm), and 82% of the small tumors (Ͻ1.0 cm). The hypothetical costs for identifying 14 patients with acoustic neuroma among 47 patients in the high-risk category using Gd would be $70500; Gd costs for the 13 patients identified by ABR would be $39600. Hypothetically 900 patients would be tested to identify the 45 acoustic neuromas in the intermediate-risk category. Magnetic resonance imaging with 64 Gd screening would reach $1.35 million for this sample. Auditory brainstem response testing and MRI- 64 Gd would be $486000, but 4 acoustic neuromas would be missed. For the low-risk subgroup MRI-6 4 Gd screening of 1600 patients to identify 16 acoustic neuromas would total $2.4 million; Gd to identify 15 of them would be $787500. In this sample of 75 acoustic neuromas, large tumors were more prevalent in the low-risk subgroup than in the high-or intermediate-risk subgroups.
Conclusions:
Decisions regarding assessment of patients at risk for acoustic neuromas must be made on a case-by-case basis. Use of ABR + MRI-64 Gd allows considerable savings when patients are in the intermediateor low-risk subgroups. New MRI and ABR testing techniques offer promise for reducing costs. Surg. 2000; 126:963-966 A RECENT discussion in the ARCHIVES by Doyle, 1 Konrad, 2 and Brackmann, 3 debated the use of auditory brainstem response (ABR) testing in the diagnosis of acoustic neuromas. In this article we calculate the hypothetical costs of identifying lesions in the cerebellopontine angle using magnetic resonance imaging with gadolinium Gd 64 (MRI-64 Gd) alone and when using ABR screening followed by MRI- 64 Gd for patients having abnormal ABR findings.
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RESULTS
Symptoms reported by the 75 patients having acoustic neuromas and the basic audiologic test results considered for categorizing them according to the Welling et al 5 criteria are as follows: tinnitus, vertigo, and the feeling of fullness; asymmetric sensorineural hearing loss; and poor word recognition scores. Differences between ears of 15 dB or greater averaged across 500, 1000, 2000, and 3000 Hz, and/or differences of 15 dB or greater in speech recognition thresholds were our criteria for asymmetric sensorineural hearing loss. Our criterion for poor word recognition was a score of less than 30% on a phonetically balanced monosyllabic word recognition tests. Other symptoms included diplopia, facial pain, facial numbness, facial parethesia, and headache. In addition to hearing loss, tinnitus, or vertigo as cited ORIGINAL ARTICLE by Welling et al, 5 some patients reported symptoms affecting their vision, taste, or facial sensation.
Symptoms did not always fit into the Welling et al 5 criteria exactly and we exercised some interpretation for the assignment of patients to a given category. The criteria used, the number of patients meeting them, and the number assigned to the 3 risk categories are given in Table 2 . Fourteen patients (19%) were judged to be in the high-risk subgroup, 45 patients (60%) were in the intermediate-risk subgroup, and 16 patients (21%) were in the low-risk subgroup. Gd, what would be the cost to identify the patients with acoustic neuroma in each prevalence group? Fourth, how many patients with cerebellopontine angle tumors would have been missed by the ABR screening strategy? Finally, what is the total cost for each strategy?
The charges were estimated at $300 for an ABR test and $1500 for an MRI-64 Gd. While charges may vary by region and by practice over time, it is assumed that the relative difference in charges between the 2 tests of 5:1 offers a suitable reference point.
The cut-in headings in Table 3 list the probability that patients in the 3 risk categories of Welling et al 5 do in fact have acoustic neuromas. For our calculations we used prevalence rates of 30% for high-risk patients, 5% 
PATIENTS AND METHODS
The sample consisted of 75 patients having surgically confirmed acoustic neuromas reported by Bauch et al 4 who were retrospectively categorized into the 3 risk groups for such lesions using the criteria described by Welling et al 5 given in Table 1 . Bauch et al 4 reported on a continuous series of 417 patients who underwent ABR testing because of suspicion of cerebellopontine angle lesions. Seventyfive of these patients were found to have acoustic neuromas that subsequently were removed surgically. At the time of surgery the tumors were categorized in size as small (Ͻ1.0 cm), medium (1.1-2.0 cm), or large (Ͼ2.0 cm). Twenty-two patients (29%) had small tumors, 30 (40%) had medium-sized tumors, and 23 (31%) had large tumors.
Overall, ABR test results correctly identified 92% of the eighth nerve tumors. Its accuracy was highest for the large tumors (100%), intermediate for the medium-sized tumors (93%), and poorest for the small tumors (82%). Very similar results have been reported by Chandrasekhar et al. 6 From the 342 patients found not to have acoustic neuromas on the basis of other otologic, neurologic, and/or diagnostic imaging results, Bauch et al 4 matched 75 of them with 75 patients with eighth nerve tumor for average heating loss at 2000, 3000, and 4000 Hz. This pairing of patients was undertaken to compare ABR test results for ears with and without tumor having the same degree of high-frequency hearing loss. Abnormal ABR test findings were observed for 9 (12%) of these 75 ears without a tumor. Thus, for these samples of 75 ears with eighth nerve tumor and 75 ears without a tumor, matched for highfrequency hearing loss, true-positive ABR test results were obtained for 69 of the ears with a tumor (92% true-positive rate), and false-positive ABR test tracings were observed for 9 of the ears without a tumor (12% false-positive rate).
for intermediate-risk patients, and 1% for low-risk patients. Column 1 indicates the 2 strategies being compared. Column 2 gives the hypothetical number of patients that would need to be evaluated to yield the number of tumors in each risk subgroup. These numbers and costs change if different prevalence rates are applied. If prevalence rates of 10% or 15% were assumed for the intermediate-risk subgroup, the number of patients tested, the number of false-positive results, and total expense would decrease by a factor of 2 and 3, respectively. Similarly, if prevalence rates of 2% or 3% were assumed for the lowrisk subgroup, the number of patients evaluated, the number of false-positive results, and overall costs would be reduced by a factor of 2 and 3, respectively. Column 3 reports the number and percentage of patients with small, medium, and large tumors within each of the risk subgroups in the study of Bauch et al. 4 Column 4 shows the true-positive rate for each probability subgroup calculated from the true-positive rate for small, medium, and large tumors in the data of Bauch et al. 4 For example, the overall true-postive rate for ABR screening for the intermediate probability subgroup is 91% owing to the high percentage of small tumors (33%) in this subgroup, while an overall true-positive rate of 93% is calculated for the low probability subgroup owing to the high percentage of large tumors (44%) in this subgroup. Column 5 shows the number of correct identifications of acoustic neuromas. Columns 6 and 7 report the false-positive rate and the number of false-positive results associated with the patients matched for hearing loss. Column 8 indicates the hypothetical cost in identifying each patient with an acoustic neuroma in each risk category. Column 9 reports the hypothetical total cost for each strategy for each subgroup. Column 10 gives the number of patients with tumors missed by the 2 protocols. The last column suggests the hypothetical additional costs associated with conducting MRI- 64 Gd studies on all patients rather on only those screened and found positive for eighth nerve lesions on the ABR test.
In the subgroup of 14 patients with cerebellopontine angle tumors having symptoms that placed them in the high-risk category, there were 3 small, 9 medium, and 2 large tumors (column 3). The overall true-positive rate of the ABR test in this group was 92%, suggesting that 1 of the 14 tumors would have been missed by the ABR screening strategy. Given a 30% prevalence rate of acoustic neuromas for patients with symptoms placing them in the high-risk category for such lesions, 47 patients would be tested to identify these 14 patients with tumor. Column 8 shows that the cost to identify each of 14 tumors would be $5036, and column 9 gives the total cost, $70500, when all 47 patients at high risk were examined by MRI-64 Gd. The cost to identify 13 of the 14 patients at high risk for acoustic neuromas by screening with the ABR test would be $39600. Testing all patients to identify the 14th tumor would add $30900 (column 11) to the cost of assessing 47 patients considered to be at high risk for eighth nerve lesions.
There is a dramatic increase in costs to identify cerebellopontine angle tumors when the risk for such pathologic features is decreased. Conversely, the dollar savings with ABR screening grow dramatically. The 45 patients with symptoms placing them in intermediaterisk category for acoustic neuromas included 15 small, 17 medium, and 13 large tumors. For this subgroup of patients, it is estimated that ABR testing would miss 4 tumors, 3 of them for patients with small tumors. The overall true-positive rate for this subgroup was 91%. Assuming a 5% prevalence rate for this subgroup at intermediate-risk for eighth nerve tumors, it is estimated that 
